The study assesses the training and education of Operations Research (OR) in Jordan and contrasts this to the requirements of companies. Three questionnaires were used in this study. The first was directed to the practitioners in all quoted Jordanian industrial companies (86). The second was circulated to all relevant educators in Jordanian universities (51). The third was presented to a random sample of students studying OR courses in the universities (168). Questions addressed are: is OR education relevant to the needs of the practitioners? Is there a gap between what is taught and what is applied? This results in a few simple proposals whose adoption should enhance OR courses currently delivered.
Introduction
Operations Research (OR) is a scientific approach aimed to help managers make better business decisions (Eck, 1976) . The roots of OR is as old as science and the management function (Bonder, 2002) . The scientific management revolution of the early 1900s, initiated by Frederick Taylor, provided the foundation for modern OR
Distribution of the questionnaires
The study is based upon three questionnaires. The first was directed to practitioners of OR in all relevant Jordanian industrial companies (86), of these 64 companies responded. The number of actual practitioners represented was 132. The population was identified from the directory published by the Amman Financial Market (2002) . Multinationals were excluded from the survey, since their approach is likely to be very different, linked closely to the practices in the home country of the parent company. The second was presented to the educators of OR in all relevant Jordanian universities (17), who all participated. The number of potential educators represented was 51, of which 32 responded. Finally, for the students, the population included all undergraduate students enrolled in OR courses in the summer semester of 2003 in the 17 Jordanian universities that offered OR courses. Six universities were randomly selected as a sample for the study, 168 students were contacted of which 90 responded. Three techniques were employed for distributing the questionnaires, electronic, postal and personally administered. Also interviews were conducted with some instructors and managers to obtain additional information. In this study, the questions employed were a combination of closed and open-ended. The survey was validated through pre-testing and a pilot study.
Analysis of the questionnaires
The analysis of the individual questionnaire will be presented elsewhere (Al-Zawahreh and Cox, in preparation a,b). Here, the three questionnaires will be linked together, in an attempt to compare the different views of the discipline amongst practitioners, educators and students.
This article employs the following sequence; 4 Potential areas in which the techniques may be employed.
5 Are computers employed as tools within OR?
6 How effective is our current OR education?
7 What is the aim of an ideal OR course?
8 What is the current approach adopted for teaching OR?
9 Why are OR techniques not adopted?
10 What problems are encountered within OR courses?
11 Why are computers not employed within OR courses?
Essentially, it is asking where we are now, how we got here and where should we aim to be in the future. In other words, it assesses the current position and its shortcomings before moving on to consider what improvements might readily be made. Every journey starts with a single step, at this stage, we are not investigating dramatic changes that, in fact, may be required. But we are proposing some simple elements that may be introduced immediately.
How knowledgeable are Operations Research practitioners?
Where do we start? How knowledgeable are OR practitioners, where we have included all active individuals (professionals, educators and students)? As shown in Table 1 , the three surveys revealed that the educators claimed (as one would hope) a high degree of OR knowledge, and the majority of the practitioners and students reported moderate levels of OR awareness. Very few students had a high level of OR knowledge. A possible explanation is that, the nature of the educators work is to teach and give their expertise of OR to all people needing this knowledge. This calls for a high level of OR skill. However, the majority of the students had only been exposed to one OR course. Therefore, their knowledge and experience of these techniques were low.
A Spearman correlation coefficient indicates that there was no significant relationship between the groups. Initially, we need to know where practitioners gain their knowledge. If it is mainly from universities our input as educators could be of value in amending what we deliver and how we deliver it. Table 2 shows that all respondents agreed that the main source of OR knowledge were courses followed in the university. So, any strategies adopted by educators may prove effective. Other training courses formed key sources for the practitioners and educators but were of less relevance amongst the students. This indicates that the practitioners and educators had a greater opportunity to practice and use these techniques. They have the desire to gain experience in these techniques and to use them in their work. The Spearman correlation coefficient revealed a very strong positive relationship between the practitioners and the educators. On the contrary, no significant relationship was found between the other groups. This indicates that the nature of the educators' work is not only to teach OR techniques, but also to practice these techniques in real life. Therefore, they need to follow additional training courses in OR, and to increase their knowledge through further study.
Which Operations Research techniques are popular?
Is what we teach appropriate? A key question is: 'are the OR courses being taught suitable to the decision makers needs?' Are the courses fully oriented to help the managers in industry? Table 3 summarises the results. These must be adopted with care, while practitioners provide realistic targets those provided by students are harder to assess (they may be motivated by ease of comprehension in their current courses).
The table reveals that linear programming was the most popular technique in industry and education. The OR techniques practiced in the real life differ from those taught in universities. It appears that not all the techniques employed in real projects were covered in OR courses. For instance, simulation is an important technique for industry, but it was given less attention in the courses, being listed at the bottom of the educators and students ranking. Forecasting models are very popular in industry, despite this they were not covered in the university syllabus. Further, cost-benefit and financial models were not included in the OR courses. It may be that these techniques are covered in finance courses. The results of Spearman correlation tests revealed a strong positive relationship between the practitioners and the educators and also the educators and students. This was not the case between the practitioners and students. It appears that there is a gap between what is taught, and what is really required in real life. This was obvious from the absence of some important techniques in OR courses as indicated by the practitioners.
Areas of application of Operations Research techniques
It is important to assess potential areas in which the techniques may be employed. Practitioners were asked to identify the areas in which OR techniques were utilised. The educators and students reported the functional areas that could best use the concepts and techniques. From Table 4 , it is apparent that there is an agreement between the views of respondents in that; production/operations and project management were the main areas of application. Knowledge management and environmental management were the least popular areas. Financial management received less attention from the educators and was replaced by marketing management and research management. The Spearman correlation coefficient revealed very strong positive relationships among all groups.
Availability of computers
Are computers employed as tools within OR? The availability of computing facilities in the Jordanian environment was not consistent. In industry, 91% of the respondents had a computer. In universities, it was available to 90% of the educators and 80% of the students. This result is not surprising, since the managers and educators have more funds to buy computers and, hence have access to a key tool to practice OR.
Computer usage in Operations Research
The availability of computers is summarised in Table 5 . It shows that 44% of the practitioners, 31% of the educators and 57% of the students did not use computers in their OR work or studies. The table overall indicates little use of computers in OR in the Jordanian context. Of course, this necessitates further effort and more attention towards the practice of OR and the use of computers. Also, more effort is needed in relevant training programmes in OR. The result of the Spearman correlation coefficient only revealed a very strong positive relationship between the practitioners and the students.
Operations Research education
This section discusses the following issues: how effective is our current OR education, the usefulness of OR courses, objectives of OR courses, methods for teaching OR techniques, reasons for not applying OR in real life, difficulties encountered in the OR courses, and reasons for not using computers in OR courses. In this section, questions were only addressed to the educators and students, since they are mainly involved in the OR education process.
The usefulness of Operations Research courses
How effective is our current OR education, how useful are the OR courses which are currently delivered? Table 6 provides a summary of the results. From the table, it is clear that there were different views between the instructors and the students. The students look into the course as an opportunity for providing them with good employment possibilities. However, the instructor's position is completely different, as they believed that the most useful thing was in providing the students with an intellectual challenge. The result of the Spearman correlation test showed no significant relationship.
Objectives of Operations Research courses
What is the aim of an ideal OR course? Table 7 reveals that the most important objective of OR courses, based on the students point of view, is to learn OR for later use in the practice of management or advanced studies. This reinforced the last result which indicated that the main reason for studying OR courses was to provide the students with good jobs in the future. However, the educators differed, as they believed that the main objective of an OR course was to improve the students general abilities in logical thinking and quantitative skills. The result of the Spearman correlation test revealed that there was no significant relationship.
Methods for teaching Operations Research
What is the current approach adopted for teaching OR? We need to know where we are starting from in order to make progress. Table 8 summarises the methods for teaching OR according to the educators and students. From Table 8 , it can be inferred that there was a very high consistency of the respondents' views. For instance, example calculations, emphasis on theory and written reports were the most popular methods for teaching and learning OR. The least relevant methods were case studies and oral presentations. The results revealed and confirmed the prior results, showing that computers were under utilised in OR courses. The educators and students results, revealed a very strong positive Spearman correlation.
What are the reasons for not applying Operations Research techniques?
Why do participants suspect OR techniques which are not adopted in real life? It is stressed that these are expectations, since views were only gained from within education. It was felt that practitioners might be biased, and not able to honestly answer this question. A manager who claims to be an OR professional could not admit to not applying the techniques! As Table 9 shows, the educators and students agreed that the main reason for not applying OR methods in real life were that the university courses oriented the students to a theoretical approach. In other words, the courses focused on the theoretical aspects and ignored the practical ones. What is surprising is that 23% of the students reported that they had no reasons for not applying OR methods in practice. This may reflect the lack of understanding of the importance of OR techniques. The Spearman correlation revealed that there was a very strong positive relationship between the educators and the student's views.
Difficulties encountered in Operations Research courses
What problems were encountered within OR courses? A wide variety of difficulties was encountered in OR courses. Some of these were related to education, students' background, teaching methods and computing facilities. However, the students indicated that the greatest barrier encountered was related to the shortage of computing facilities, and to a lesser extent, the teaching methods offered by instructors and the universities. On the other hand, the educators reported that the lack of mathematical background of the students was the greatest barrier. In addition, there was a lack of practical computer skills among the students. Then, it appears that most difficulties encountered were related to the education system itself. The Spearman correlation coefficient indicated that there was no significant relationship between the educators and the students (Table 10) .
Reasons for not using a computer in Operations Research courses
Why are computers not employed within OR courses? As indicated in Section 15, the students blamed the universities and criticised instructors for not using computers in OR courses. They mentioned that the universities failed to show any interest in computers and training courses in OR. Only 31% of educators did not employ computers in their courses, compared with 57% of the students. This was expected, since the students had less opportunity to use and practice computing than the educators. The Spearman correlation coefficient indicated that there was no significant relationship between the educators and the students (Table 11) . In this study, the current status of OR practice, training and education in Jordan was examined. Three questionnaires were employed. The first was directed to the practitioners of OR in all relevant Jordanian industrial shareholding companies. The second was presented to the educators of OR in all relevant Jordanian Universities. The third was circulated to a random sample of undergraduate students studying OR courses. Three methods were employed for collecting the questionnaires, electronic, postal and a personally administered survey. The response rate for the three questionnaires was 76, 63 and 54%, respectively. The study concluded that OR education and training are insufficient in providing an adequate knowledge of OR, and there is a gap between OR education and the practice in Jordan. The key messages are to increase the accessibility of computers, and to stress such important application as simulation, inventory, forecasting and financial models. Further research into the application and education of OR in Jordan and to compare them with that in other well-established developing countries would be valuable. This would reveal if there is any relationship among the political, economic, social and education context and the practice and education of OR. Every journey starts with a single step; at this stage, we have not been investigating dramatic changes that, in fact, may be required. It is suggested that increasing the availability of computers will help to achieve an adequate application of OR knowledge in Jordan. Such a simple change could rapidly be implemented. It is also suggested that inclusion of additional topics, such as simulation, inventory and forecasting will provide a more appropriate course. These topics could be included with relative ease.
Further work should consider the more intangible elements necessary for a successful OR course. The philosophical approach adopted. Is this approach specific to developing countries? The inclusion of modelling skills, the ability to link decisions with outcomes in a coherent way, the concepts of abstraction and generalisation. OR is not mainly about learning a bunch of textbook techniques and applying them 'scientifically', when successfully practiced it is a practical art that needs good facilitation, underpinned by some technical appreciation of techniques and what they can and cannot do. How it is learned is often more important than what is taught. These more esoteric changes would necessarily form the second/third steps of the OR education journey.
